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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a piezoelectric 
electroacoustic transducer, capable of constituting a 
bimorph-type diaphragm by simple connecting structure by 
eliminating the mutual connection of a main surface electrode 
and internal electrode. 

SOLUTION: Two or three piezoelectric ceramics layers 31 
and 32 are laminated to form a laminated product, main 
surface electrodes 33 and 34 are formed on the front/rear 
surface of this laminated product, and an internal electrode 
35 is formed between each of the layers 31 and 32. All the 
ceramics layers 31 and 32 are polarized in the same direction 
in the direction of thickness, and an alternating signal is 
impressed between the electrodes 33, 34 and the electrode 
35 to allow the laminated product to generate bending 
oscillation as a whole. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Carry out the laminating of two-layer or the three-layer electrostrictive ceramics layer, and a 
layered product is formed. A principal plane electrode is formed in the front flesh-side principal plane of this 
layered product, and an internal electrode is formed between each ceramic layer. It is the piezo-electric mold 
electroacoustic transducer which polarization of all the ceramic layers is carried out in the same direction in 
the thickness direction, and is impressing an alternation signal between the above-mentioned principal plane 
electrode and an internal electrode, and is characterized by the above-mentioned layered product producing 
crookedness vibration as a whole. 

[Claim 2] The above-mentioned internal electrode is a piezo-electric mold electroacoustic transducer 
according to claim 1 characterized by connecting with the end-face electrode formed in the end face of a 
layered product, and impressing an alternation signal between the above-mentioned end-face electrode and 
two principal plane electrodes. 

[Claim 3] It is the piezo-electric mold electroacoustic transducer according to claim 1 or 2 which the 
above-mentioned layered product consists of three-layer ceramic layers, and is characterized by the thickness 
of a middle ceramic layer being 50% - 80% of the thickness of the whole layered product. 
[Claim 4] The above-mentioned layered product is a piezo-electric mold electroacoustic transducer according 
to claim 1 to 3 which carries out the laminating of the ceramic green sheet of two-layer or three layers through 
an electrode layer, is impressing an electrical potential difference to the principal plane inter-electrode which 
consisted of a sintered compact calcinated and obtained by coincidence, and was formed in the front 
flesh-side principal plane of the above-mentioned layered product, and is characterized by coming to polarize 
all ceramic layers in the same direction in the thickness direction. 

[Claim 5] The above-mentioned layered product is formed in rectangle tabular, and it holds in the case where 
the above-mentioned layered product has opening on the inferior surface of tongue, and has a sound emission 
hole on the top face. Two sides which the above-mentioned layered product counters are supported by the 
supporting agent by the supporter formed in the medial-surface opposite section of the above-mentioned case. 
The closure of the clearance between other two sides of the above-mentioned layered product and the medial 
surface of the above-mentioned case is carried out with elastic encapsulant. The piezo-electric mold 
electroacoustic transducer according to claim 1 to 4 characterized by being closed with the back lid with 
which the opening of the above-mentioned case has the electrode for external connection connected to the 
principal plane electrode and internal electrode of the above-mentioned layered product. 
[Claim 6] The above-mentioned layered product is formed in rectangle tabular, and the above-mentioned 
layered product has opening on the top face. It holds in the case where it has the electrode for external 
connection connected to the principal plane electrode and internal electrode of the above-mentioned layered 
product. Two sides which the above-mentioned layered product counters are fixed to the supporter formed in 
the medial- surface opposite section of the above-mentioned case by the supporting agent. The piezo-electric 
mold electroacoustic transducer according to claim 1 to 4 which the closure of the clearance between other 
two sides of the above-mentioned layered product and the inside of the above-mentioned case is carried out 
with elastic encapsulant, and is characterized by closing top-face opening of the above-mentioned case by the 
top cover which has a sound emission hole. 
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[Claim 7] The above-mentioned layered product is formed in rectangle tabular, and it holds in the case where 
the above-mentioned layered product has opening on the inferior surface of tongue, and has a sound emission 
hole on the top face. Four sides of the above-mentioned layered product are fixed to the supporter formed in 
the medial surface of the above-mentioned case by the supporting agent. The piezo-electric mold 
electroacoustic transducer according to claim 1 to 4 characterized by being closed with the back lid with 
which the opening of the above-mentioned case has the electrode for external connection connected to the 
principal plane electrode and internal electrode of the above-mentioned layered product. 
[Claim 8] The above-mentioned layered product is formed in rectangle tabular, and the above-mentioned 
layered product has opening on the top face. It holds in the case where it has the electrode for external 
connection connected to the principal plane electrode and internal electrode of the above-mentioned layered 
product. The piezo-electric mold electroacoustic transducer according to claim 1 to 4 with which four sides of 
the above-mentioned layered product are fixed to the supporter formed in the medial surface of the 
above-mentioned case by the supporting agent, and top-face opening of the above-mentioned case is 
characterized by being closed by the top cover which has a sound emission hole. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This inventions are piezo-electric mold electroacoustic transducers, such as a 
piezo-electric earphone, a piezo-electric sounder, a piezoelectric loudspeaker, and a piezo-electric buzzer, and 
a thing especially about the structure of the diaphragm. 
[0002] 

[Description of the Prior Art] Conventionally, the piezo-electric mold electroacoustic transducer is widely 
used for the piezo-electric earphone, the piezo-electric buzzer, etc. This kind of piezo-electric mold 
electroacoustic transducer has the common thing of the structure which stuck the circular metal plate on one 
side of a piezo-electric circular ceramic plate, constituted the uni-morph mold diaphragm, supported the 
periphery section of this diaphragm in the circular case, and closed opening of a case with covering. However, 
since in the case of a uni-morph mold diaphragm the ceramic plate which an outer diameter expands and 
contracts is pasted up on the metal plate which does not carry out a dimensional change and crookedness 
vibration is obtained by electrical-potential-difference impression, there is a fault of being small, the amount 
of displacement, i.e., sound pressure. 

[0003] Then, the bimorph mold diaphragm of a laminated structure which consists of two or more 
electrostrictive ceramics layers is proposed (JP,61-205100,A). This diaphragm carried out the laminating of 
two or more ceramic green sheet and two or more electrodes, and the sintered compact calcinated and 
obtained by coincidence was used for it, and it has connected inter-electrode electrically by the through hole 
formed in the location which does not restrain vibration of a diaphragm. And compared with a uni-morph 
mold, the amount of big displacement, i.e., big sound pressure, can be obtained with constituting so that the 
1st and 2nd oscillating fields arranged in order in the thickness direction may vibrate to hard flow mutually. 
[0004] 

[Problem(s) to be Solved by the Invention] However, after connecting the electrode of one principal plane, 
and one internal electrode mutually through the through hole and connecting the principal plane electrode of 
another side, and the internal electrode of another side mutually through a through hole as shown in Fig. 17 of 
the above-mentioned official report when crookedness vibration of the diaphragm which becomes in the case 
of the above-mentioned bimorph mold diaphragm (for example, a three-layer ceramic layer) tended to be 
carried out, it is necessary to impress an alternation electrical potential difference among both. Therefore, the 
complicated interconnect between a principal plane electrode and an internal electrode may have been 
needed, and it may have become cost quantity. 

[0005] Moreover, also when performing polarization processing to the above-mentioned layered product, an 
electrical potential difference must be impressed and polarized between an internal electrode and the principal 
plane electrode of a front flesh side. For example, in the case of the diaphragm of a three-tiered structure, as 
shown in Fig. 14 of the above-mentioned official report, between a bond, this electrode for connection, and 
the principal plane electrode of a front flesh side, the high voltage is impressed and an internal electrode and 
two through holes through which it flows are polarized with the electrode for connection. Thus, in the case of 
the conventional bimorph mold diaphragm, the internal electrode needed to be pulled out outside through the 
through hole for polarization processing, and there was a fault of needing the complicated processing of 
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forming the electrode for connection etc. 

[0006] Then, the purpose of this invention loses interconnect with a principal plane electrode and an internal 
electrode, and is to obtain the piezo-electric mold electroacoustic transducer which can constitute a bimorph 
mold diaphragm from easy connection structure. Moreover, other purposes are to obtain the piezo-electric 
mold electroacoustic transducer which can perform polarization processing easily. 
[0007] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention according to 
claim 1 Carry out the laminating of two-layer or the three-layer electro strictive ceramics layer, and a layered 
product is formed. A principal plane electrode is formed in the front flesh-side principal plane of this layered 
product, and an internal electrode is formed between each ceramic layer. In the thickness direction, 
polarization of all the ceramic layers is carried out in the same direction, it is impressing an alternation signal 
between the above-mentioned principal plane electrode and an internal electrode, and the above-mentioned 
layered product offers the piezo-electric mold electroacoustic transducer characterized by producing 
crookedness vibration as a whole. 

[0008] If an alternation electrical potential difference is impressed between a principal plane electrode and an 
internal electrode in the case of the layered product of this invention, the direction of electric field committed 
in the ceramic layer on a side front and a background will turn into hard flow in the thickness direction. On 
the other hand, all ceramic layers have turned to the direction of polarization in the same direction in the 
thickness direction. Electrostrictive ceramics has the property shrunken in the direction of a flat surface, if the 
direction of polarization and the direction of electric field are the same directions, and if the direction of 
polarization and the direction of electric field are hard flow, it has the property extended in the direction of a 
flat surface. Therefore, when impressing the alternation electrical potential difference as mentioned above and 
the ceramic layer on a side front is prolonged, the ceramic layer on a background will be shrunken and a 
layered product will produce crookedness vibration as a whole. Since this amount of displacement becomes 
large compared with a uni-morph mold diaphragm, sound pressure also increases. 
[0009] In this invention, if the principal plane electrode of a front flesh side is connected mutually and an 
alternation electrical potential difference is impressed between this and an internal electrode, since 
crookedness vibration can be generated, the complicated interconnect between a principal plane electrode and 
an internal electrode becomes unnecessary like before, structure becomes easy, and processing cost can be 
reduced. 

[0010] It is desirable to connect an internal electrode with the end-face electrode formed in the end face of a 
layered product like claim 2, and to impress an alternation signal between the above-mentioned end-face 
electrode and two principal plane electrodes. In this case, exceptional processing of a through hole etc. is not 
needed. 

[001 1] Like claim 3, when the layered product consists of three-layer ceramic layers, it is desirable to make 
thickness of a middle ceramic layer into 50% - 80% of the thickness of the whole layered product. Although 
what is necessary is just to increase the number of laminatings of a layered product in order to raise sound 
pressure, when thickness is being fixed by resonance frequency, the number of laminatings cannot be 
increased freely, either. Since there is no potential difference between two internal electrodes in the case of 
the layered product of a three-tiered structure, an interlayer will not contribute to crookedness vibration but 
only the ceramic layer on a side front and a background will carry out crookedness vibration. A ceramic layer 
has so large that the thickness is thin the amount of displacement. Then, if the thickness of the whole layered 
product is set constant and an interlayer's thickness is relatively thickened to the thickness of a front lining, 
the thickness of the ceramic layer on the side front which contributes to crookedness vibration, and a 
background will become thin relatively, and the big amount of displacement will be obtained. In addition, if 
an interlayer's thickness is enlarged too much, the thickness of a front lining will become thin too much, 
reinforcement will fall, and a big variation rate will not be obtained. Then, big sound pressure can be obtained 
by making an interlayer's thickness into 50% - 80% of the whole range. 

[0012] It is impressing an electrical potential difference to the principal plane inter-electrode which consisted 
of a sintered compact with which a layered product's carries out the laminating of the ceramic green sheet of 
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two-layer or three layers through an electrode layer, calcinates it to coincidence, and is obtained like claim 4, 
and was formed in the front flesh-side principal plane of a layered product, and it is desirable to polarize all 
ceramic layers in the same direction in the thickness direction. That is, although it is also possible to carry out 
two or more sheet laminating adhesion of the ceramic plate which calcinated beforehand and carried out 
polarization processing, and to obtain a layered product, now, thickness of a layered product cannot be made 
thin but sound pressure is small. On the other hand, if an electrode layer is carried out in between, and the 
laminating of the ceramic green sheet is carried out and it carries out coincidence baking, a very thin layered 
product can be obtained and high sound pressure can be obtained. And since the direction of polarization of 
each ceramic layer of a layered product has turned to the same direction, polarization processing becomes 
very easy that the polarization processing does not need to impress an electrical potential difference between 
an internal electrode and a principal plane electrode like before, and should just impress an electrical potential 
difference between the principal plane electrodes of a front flesh side. 

[0013] When holding the above-mentioned layered product in housing and using as the sounding body like a 
piezo-electric earphone or a piezo-electric sounder, it can consider as structure [ like ] according to claim 5 to 
8. That is, claims 5 and 6 are the examples suitable for the application as an earphone, and since they 
correspond to the frequency of a large range, they are used in fields other than a resonance field. Therefore, 
since the vibrational energy of a layered product is comparatively small, only two sides which a layered 
product counters are supported in a case, and two sides have structure closed free [ displacement with an 
elastic closure object ] for others. On the other hand, claims 7 and 8 are the examples suitable for the 
application of a piezo-electric sounder etc., and since they correspond to the amount of Oto in single 
frequency, they are used in a resonance field. In this case, since the vibrational energy of a layered product is 
very large, it has structure which supported all four sides of a layered product in the case. Since the principal 
plane electrode and internal electrode of a layered product can be pulled out to the exterior of housing, 
without using lead wire, any structure can constitute them as a surface mounted device. 
[0014] 

[Embodiment of the Invention] Drawing 1 and drawing 2 show the 1st example of the piezo-electric mold 
electroacoustic transducer concerning this invention. This piezo-electric mold electroacoustic transducer 
consists of a disc-like diaphragm (layered product) 1, and the circular case 10 and the back lid 1 1 which held 
this diaphragm 1. The sound emission hole 12 was formed in the top face of a case 10, and the back lid 1 1 has 
pasted the opening. The terminals 13 and 14 for external connection were fixed to the position of symmetry 
of the periphery section of a case 10 in insert molding etc., and some terminals 13 and 14 are exposed inside a 
case 10. The electrode of a diaphragm 1 is electrically connected to the inside outcrop of terminals 13 and 14 
by electroconductive glue 15 and 16. In addition, the closure of the clearance between the periphery section of 
diaphragms 1 other than the part which applied electroconductive glue 15 and 16, and a case 10 is carried out 
with elastic encapsulants (not shown), such as silicone rubber. 

[0015] A diaphragm 1 carries out the laminating of the two-layer electro strictive ceramics layers 2 and 3 
which consist of PZT etc., as shown in drawing 3 and drawing 4 , the principal plane electrodes 4 and 5 are 
formed in the front flesh- side principal plane of a diaphragm 1, and the internal electrode 6 is formed among 
the ceramic layers 2 and 3. As a thick wire arrow head shows to drawing 4 , in the thickness direction, 
polarization of the two ceramic layers 2 and 3 is carried out in the same direction. 

[0016] In this example, the principal plane electrode 4 on a side front and the principal plane electrode 5 on a 
background are formed in a round shape a little smaller than the diameter of a diaphragm 1, and those drawer 
electrodes 4a and 5a are pulled out to the periphery edge of a diaphragm 1. It is mostly formed in a symmetry 
configuration with the principal plane electrodes 4 and 5, drawer electrode 6a of an internal electrode 6 is 
mostly pulled out with the above-mentioned drawer electrodes 4a and 5a to the position of symmetry, and the 
internal electrode 6 is connected to the end-face electrode 7 prepared in the end face. In addition, some 
end-face electrodes 7 are pulled out to the front rear face of a diaphragm 1 . The above-mentioned drawer 
electrodes 4a and 5a are connected with a terminal 13 by electroconductive glue 15, and the end-face 
electrode 7 is connected with the terminal 14 by electroconductive glue 16. And crookedness vibration of the 
diaphragm 1 can be carried out by impressing a predetermined alternation electrical potential difference 
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among terminals 13 and 14. 

[0017] For example, if the electrical potential difference of minus and the electrical potential difference of 
plus to the other-end child 14 are impressed to one terminal 13, the electric field of the direction shown by the 
thin line arrow head of drawing 4 will arise. Since the ceramic layers 2 and 3 have the property shrunken in 
the direction of a flat surface if the direction of polarization and the direction of electric field are the same 
directions, and it has the property extended in the direction of a flat surface if the direction of polarization and 
the direction of electric field are hard flow, the ceramic layer 2 on a side front will be shrunken and the 
ceramic layer 3 on a background will be extended. Therefore, a diaphragm 1 is crooked so that a core may 
serve as a convex to a lower part. An alternation electrical potential difference, then a diaphragm 1 can 
produce crookedness vibration for the electrical potential difference impressed to terminals 13 and 14 
periodically, and the sound of big sound pressure can be generated by this. 

[0018] The diaphragm 1 which consists of the above-mentioned configuration is manufactured by the 
following approaches. That is, an electrode layer is formed in the front face of the ceramic green sheet of a 
mother substrate condition at a pattern predetermined by technique, such as printing, the laminating of this 
one ceramic green sheet and the one ceramic green sheet which does not form the electrode layer is carried 
out, and it is stuck by pressure. Next, it pierces or cuts into the configuration corresponding to a diaphragm 1 
from this layered product. Next, coincidence baking of punching or the cut layered product is carried out, and 
a sintering layered product is obtained. Next, a principal plane electrode is formed in the front flesh-side 
principal plane of a sintering layered product, and all the ceramic layers that constitute a layered product are 
polarized in the same direction in the thickness direction by impressing polarization voltage to these principal 
plane inter-electrode. Then, the end-face electrode 7 etc. is formed and a diaphragm 1 is obtained. 
[0019] By the above-mentioned manufacture approach, after piercing the ceramic green sheet of the mother 
substrate condition by which the laminating was carried out in an individual configuration, it calcinated and 
polarization processing was carried out after that, but after calcinating the ceramic green sheet by which the 
laminating was carried out, polarization processing may be carried out in the state of a mother substrate, and 
you may cut into an individual configuration by after that. In this case, what is necessary is just to use 
well-known approaches, such as laser processing, in order to cut a sintered compact. 

[0020] Drawing 5 and drawing 6 show the 2nd example of the piezo-electric mold electroacoustic transducer 
concerning this invention. Although the electrode of a diaphragm 1 was pulled out to the exterior in drawing 
1 and drawing 2 using the terminals 13 and 14 fixed to the case 10, lead wire 20 and 21 is used in drawing 5 
and drawing 6 . In this case, lead wire 20 and 2 1 is connected to the principal plane electrode 5 and the 
end-face electrode 7 by the side of the rear face of a diaphragm 1 by cement 22 and 23, such as solder and 
electroconductive glue, respectively. Therefore, the principal plane electrodes 4 and 5 of a front flesh side 
may be mutually connected using electroconductive glue, and the principal plane electrodes 4 and 5 may be 
beforehand connected with an end-face electrode. 

[0021] Drawing 7 and drawing 8 show the 3rd example of the piezo-electric mold electroacoustic transducer 
concerning this invention. This piezo-electric mold electroacoustic transducer consists of a rectangular 
diaphragm (layered product) 30, and the case 40 and the back lid 41 of the square shape which held this 
diaphragm 30. The sound emission hole 42 was formed in the top face of a case 40, and the back lid 41 has 
pasted the opening. The level difference- like supporters 42a and 42b are formed in the medial surface of two 
sides which a case 40 counters, and two sides by the side of the shorter side of a diaphragm 30 are supported 
by the supporting agents 43a and 43b, such as adhesives, on these supporter 42a and 42b. The braking hole 48 
is formed in a different side face from the side face in which the supporters 42a and 42b of a case 40 were 
formed. Moreover, the closure of the clearance between two sides and cases 40 by the side of the long side of 
a diaphragm 30 is carried out with the elastic encapsulants 44a and 44b, such as silicone rubber. The 
electrodes 45a and 45b for external connection are formed in the both-ends table rear face of the back lid 41, 
and the electrodes 45a and 45b of a front flesh side have flowed mutually through the inside of the through 
hole slots 46a and 46b formed in the both-ends side edge of the back lid 41. 

[0022] While the electrodes 45a and 45b for external connection and the electrode of a diaphragm 30 are 
mutually connected by slushing electroconductive glue 47a and 47b from the through hole slots 46a and 46b 
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as shown in drawing 8 after pasting up the back lid 41 on the opening of a case 40, the through hole slots 46a 
and 46b are closed. Thereby, a piezo-electric mold electroacoustic transducer is completed. 
[0023] As shown in drawing 9 and drawing 10 , as for the diaphragm 30 of this example, the laminating of 
the two-layer electro strictive ceramics layers 31 and 32 is carried out, the principal plane electrodes 33 and 34 
are formed in the front flesh-side principal plane of a diaphragm 30, and the internal electrode 35 is formed 
among the ceramic layers 31 and 32. As a thick wire arrow head shows to drawing 10 , in the thickness 
direction, polarization of the two ceramic layers 31 and 32 is carried out in the same direction. 
[0024] In this example, the principal plane electrode 33 on a side front and the principal plane electrode 34 on 
a background are the shorter sides and these width of face of a diaphragm 30, and are formed a little shorter 
than a long side, and that end is connected to the end-face electrode 36 formed in one shorter side side edge 
side of a diaphragm 30. Therefore, the principal plane electrodes 33 and 34 of a front flesh side are connected 
mutually. The internal electrode 35 was mostly formed in the symmetry configuration with the principal plane 
electrodes 33 and 34, it is separated from the end of an internal electrode 35 of the internal electrode with the 
above-mentioned end-face electrode 36, and the other end is connected to the end-face electrode 37 formed in 
the shorter side side edge side of another side of a diaphragm 30. In addition, the end-face electrode 37 and 
the flowing narrow width auxiliary electrode 38 are formed in the vertical side of the shorter side side edge 
section of another side of a diaphragm 30. 

[0025] The above-mentioned end-face electrode 36 or the principal plane electrode 34 on a background is 
connected with electrode 45a for external connection by electroconductive glue 47a like drawing 8 , and the 
end-face electrode 37 is connected with electrode 45b for external connection by electroconductive glue 47b. 
And crookedness vibration of the diaphragm 30 can be carried out in die-length bending mode by impressing 
a predetermined alternation electrical potential difference among the electrodes 45a and 45b for external 
connection. That is, crookedness vibration can be carried out, being able to use the shorter side side both ends 
of a diaphragm 30 as the supporting point, and being able to use the center section of the longitudinal 
direction as a maximum amplitude point. 

[0026] Since only a core serves as a maximum amplitude point, in the case of a circular diaphragm 1 like the 
1st example, the displacement volume is small, and sound conversion efficiency is comparatively low to it. 
Moreover, since the perimeter of a diaphragm 1 is restrained, a radius dimension will become large, if a 
frequency tends to become high and it is going to obtain the piezo-electric diaphragm of a low frequency. On 
the other hand, since in the case of a rectangle diaphragm 30 like the 3rd example a maximum amplitude 
point meets the center line of the die-length direction and exists, the displacement volume is large and high 
sound conversion efficiency can be acquired. Moreover, although the die-length direction both ends are fixed, 
since a diaphragm 30 can displace a part in the meantime freely with the elastic encapsulants 44a and 44b, it 
can obtain a low frequency compared with a circular diaphragm. On the contrary, a dimension can be 
miniaturized if the same frequency is obtained. 

[0027] Drawing 11 shows the 4th example of a diaphragm which is a modification of drawing 10 . Although 
drawing 10 showed the example whose internal electrode 35 is a partial electrode, in drawing 11 , it considers 
as a whole surface electrode. In this case, since the internal electrode 35 is prolonged in the end-face electrode 
36 side, there is a possibility that an internal electrode 35 and the end-face electrode 36 may flow. Then, an 
insulating layer 39 is first formed in the end face of diaphragm 30', and the end-face electrode 36 which 
makes it flow through the principal plane electrodes 33 and 34 of a front flesh side is formed on it. Thereby, 
even when an internal electrode 35 is used as a whole surface electrode, an internal electrode 35 and the 
principal plane electrodes 33 and 34 can be insulated certainly. 

[0028] Drawing 12 shows the 5th example of a diaphragm. The diaphragm 50 of this example carries out the 
laminating of the three-layer electro strictive ceramics layers 51-53, the principal plane electrodes 54 and 55 
are formed in the front rear face of a diaphragm 50, and internal electrodes 56 and 57 are formed among each 
ceramic layers 51-53. As a thick wire arrow head shows, in the thickness direction, polarization of the three 
ceramic layers 51-53 is carried out in the same direction. 

[0029] The principal plane electrodes 54 and 55 of this example are the shorter sides and these width of face 
of a diaphragm 50 like drawing 10 , and are formed a little shorter than a long side, and that end is connected 
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to the end-face electrode 58 formed in one shorter side side edge side of a diaphragm 50. Therefore, the 
principal plane electrodes 54 and 55 of a front flesh side are connected mutually. It is separated from the end 
of internal electrodes 56 and 57 with the end-face electrode 58, and the other end is connected to the end-face 
electrode 59 formed in the shorter side side edge side of another side of a diaphragm 50. Therefore, internal 
electrodes 56 and 57 are also connected mutually. In addition, the end-face electrode 59 and narrow width 
auxiliary-electrode 59a through which it flows are formed in the vertical side of the shorter side side edge 
section of another side of a diaphragm 50. 

[0030] For example, if the electrical potential difference of minus and the electrical potential difference of 
plus in the end-face electrode 59 are impressed to the end-face electrode 58, the electric field of the direction 
shown by the thin line arrow head of drawing 12 will arise. Since the internal electrodes 56 and 57 located in 
the both sides of the ceramic layer 52 which is an interlayer at this time are the same potentials, electric field 
do not produce them. Since the direction of polarization and the direction of electric field are the same 
directions, the ceramic layer 51 on a side front is shrunken in the direction of a flat surface, and since the 
direction of polarization and the direction of electric field are hard flow, the ceramic layer 52 on a background 
is extended in the direction of a flat surface. And an interlayer 52 is not expanded and contracted. Therefore, a 
diaphragm 50 is crooked so that it may become a convex to a lower part. If an alternation electrical potential 
difference is impressed between the end-face electrode 58 and 59, a diaphragm 50 can produce crookedness 
vibration periodically and can generate the sound of big sound pressure by this. In addition, in drawing 12 , 
although internal electrodes 56 and 57 were used as the partial electrode, it is good also as a whole surface 
electrode like drawing 1 1 . 

[0031] It is the same as that of the manufacture approach of the diaphragm 1 of two-layer structure which also 
showed the above manufacture approaches of the diaphragm 50 of a three-tiered structure in drawing 4 . That 
is, an electrode layer is formed in the front face of the ceramic green sheet of a mother substrate condition at a 
pattern predetermined by technique, such as printing, the three-sheet laminating of this ceramic green sheet is 
carried out, and it is stuck by pressure. It pierces or cuts into the configuration corresponding to a diaphragm 
50 from this layered product, coincidence baking of this punching or cut layered product is carried out, and a 
sintering layered product is obtained. Next, the principal plane electrodes 54 and 55 are formed in the front 
rear face of a sintering layered product, and all the ceramic layers 51-53 that constitute a layered product are 
polarized in the same direction in the thickness direction by impressing polarization voltage to these principal 
plane inter-electrode. Then, a diaphragm 50 is obtained by forming the end-face electrodes 58 and 59 etc. 
Since what is necessary is just not to connect internal electrodes 56 and 57 and the principal plane electrodes 
54 and 55 mutually on the occasion of polarization in this case, and to impress an electrical potential 
difference between the principal plane electrode 54 of a front flesh side, and 55, polarization processing is 
easy. 

[0032] Drawing 13 shows the 6th example of a diaphragm. Although the example of drawing 12 showed the 
example whose three-layer ceramic layers 51-53 are the same thickness mostly, in drawing 13 , the middle 
ceramic layer 52 is thickened compared with the ceramic layers 51 and 53 of a front flesh side. As for 
especially the thickness of the middle ceramic layer 52, it is desirable to carry out to 50% - 80% of the 
thickness of whole diaphragm 50'. In addition, since other structures are the same as that of drawing 12 , 
duplication explanation is omitted. 

[0033] Drawing 14 shows change of the sound pressure when changing the rate of the thickness of the middle 
ceramic layer 52. An axis of ordinate is the ratio of the sound pressure when setting sound pressure of the 
diaphragm (refer to drawing 10 ) of two-layer structure to 1, and an axis of abscissa expresses the rate of the 
thickness of the middle ceramic layer 52 to the thickness of whole diaphragm 50'. In addition, sound pressure 
was measured on the conditions that applied voltage is certain, uniformly [ the thickness of whole diaphragm 
50']. 

[0034] It turns out that sound pressure rises compared with two-layer in the case of three layers so that clearly 
from drawing 14 . Moreover, when an interlayer's thickness is made into 50% - 80% of the whole compared 
with the case (33%) where all three layers are the same thickness, sound pressure rises further. When an 
interlayer's thickness is especially made into 60% - 70% of the whole, the greatest sound pressure (it 
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compares with two-layer and they are 1.6 times) can be obtained. Therefore, when the number of laminatings 
has constraint, sound pressure can be raised by enlarging an interlayer's thickness to the maximum, lessening 
the number of laminatings (three layers). 

[0035] Drawing 15 - drawing 17 are the 7th example of the piezo-electric mold electroacoustic transducer 
concerning this invention, and show the example constituted as a piezo-electric earphone of a surface mount 
mold. This piezo-electric earphone consists of a diaphragm (layered product) 30 of a profile and a rectangle, a 
case 60 of the square shape which held this diaphragm 30, and a top cover 68 that has the sound emission 
hole 69. Since the diaphragm 30 is the same as that of what was shown in drawing 9 and drawing 10 , it has 
attached the same sign. A case 60 is formed with heat resistant resin, such as LCP (liquid crystal polymer), 
SPS (syndiotactic polystyrene), PPS (polyphenylene sulfide), and epoxy, and the top cover 68 is also formed 
with a heat-resistant ingredient or ceramics, such as a liquid crystal polymer or glass epoxy. Opening 61 was 
formed in the top face of a case 60, and the top cover 68 has pasted this top-face opening 61. The level 
difference-like supporters 62a and 62b are formed in the medial surface of two sides which a case 60 
counters, and insert molding of the electrodes 63a and 63b for external connection is carried out so that it may 
expose to the top face of these supporters 62a and 62b, and the lateral surface of a case 60. It consists of metal 
terminals which consist of Au, a Cu alloy which performed Sn plating, Fe, etc. as these electrodes 63a and 
63b for external connection, for example. The braking hole 64 is formed in a different side face from the side 
face in which the supporters 62a and 62b of a case 60 were formed. 

[0036] Two sides by the side of the shorter side of a diaphragm 30 are supported by the supporting agents 65a 
and 65b, such as adhesives, on supporter 62a and 62b. Moreover, the closure of the clearance between two 
sides and cases 60 by the side of the long side of a diaphragm 30 is carried out with the elastic encapsulants 
66a and 66b, such as silicone rubber. And the end-face electrodes 36 and 37 prepared in two sides by the side 
of the shorter side of a diaphragm 30 are electrically connected with the electrodes 63a and 63b for external 
connection exposed to the top face of Supporters 62a and 62b by conductive paste 67a and 67b, respectively. 
In addition, it is better to perform it, after spreading of supporting agents 65 a and 65b and the elastic 
encapsulants 66a and 66b pastes up a diaphragm 30 and the electrodes 63a and 63b for external connection by 
conductive paste 67a and 67b. And heat hardening of conductive paste 67a and 67b, supporting agents 65a 
and 65b, and the elastic encapsulants 66a and 66b may be performed to coincidence. 
[0037] Drawing 18 is the 8th example of the piezo-electric mold electroacoustic transducer concerning this 
invention, and is the modification of the example shown in drawing 15 - drawing 17 . In this example, it was 
not inserted to a case 60, and the electrodes 63a and 63b for external connection insert in hole 60a of a case 
60 the metal terminal formed in another object, and paste up. Since other structures are the same as that of 
drawing 15 - drawing 17 , they give the same sign to the same components, and omit explanation. 
[0038] Drawing 19 - drawing 21 are the 9th example of the piezo-electric mold electroacoustic transducer 
concerning this invention, and show the example constituted as surface mount die parts. In this example, it 
replaces with the electrodes 63a and 63b for external connection which consist of an insertion terminal in 
drawing 15 - drawing 17 , and considers as the electrode layers 63c and 63d formed by the dry type 
galvanizing methods, such as the non-electrolyzed wet galvanizing method or a spatter. In this example, from 
the external surface of the flank which formed the supporters 62a and 62b of a case 60, electrode layers 63c 
and 63d are missing from the top face of Supporters 62a and 62b, and are formed continuously. Since other 
configurations are the same as that of the thing of drawing 15 - drawing 17 , they give the same sign to the 
same components, and omit explanation. 

[0039] In addition, in the example shown in drawing 15 - drawing 21 , it is possible as a diaphragm not only 
the diaphragm 30 shown in drawing 9 and drawing 10 but diaphragm 30' shown in drawing 1 1 , drawing 12 , 
and drawing 1 3 and to also use 50 and 50'. 

[0040] Drawing 22 is the 10th example of the piezo-electric mold electroacoustic transducer concerning this 
invention. This example is a modification of the example shown in drawing 7 , gives the same sign to the 
same part as drawing 7 , and omits explanation. Drawing 22 is the perspective view seen from the 
background, and the level difference-like supporter 42 is formed in the medial- surface perimeter of case 40'. 
The top face of these supporters 42 is formed in the same height, and the four- side perimeter of a diaphragm 
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30 is supported by the supporting agents 43, such as adhesives, on the supporter 42. Although it is used as a 
sound producing device in the single frequency of for example, a piezo-electric sounder etc. and the perimeter 
of a diaphragm 30 is restrained by the supporting agent 43, by using a diaphragm 30 in a resonance field, this 
example can be excited strongly and can obtain the amount of Oto. 

[0041] Drawing 23 is the 11th example of the piezo-electric mold electroacoustic transducer concerning this 
invention. This example has the almost same structure as the example shown in drawing 15 - drawing 17 , 
gives the same sign to drawing 15 - drawing 17 , and an intersection, and omits explanation. In this example, 
the level difference-like supporter 62 is formed in the medial- surface perimeter of the case 60 of a square 
shape, and all four sides of a diaphragm 30 are supported by the supporting agents 65, such as adhesives, to 
the supporter 62. This example is also an example used as a sound producing device in the single frequency 
of a piezo-electric sounder etc., and a diaphragm 30 is used in a resonance field. 

[0042] This invention is not limited to the above-mentioned example, and can be variously changed in the 
range which does not deviate from the meaning of this invention. Although an internal electrode and the 
flowing end-face electrode are formed in the end face of a diaphragm and it was made to pull out to the 
exterior through this end-face electrode in the above-mentioned example, it does not restrict to this. That is, 
an internal electrode may be pulled out to the exterior through a through hole like JP,61-205100,A, and you 
may pull out to the exterior through slit-like a slot or a hole. Although the manufacture approaches of 50 and 
50' are the diaphragms 1 and 30 of the above-mentioned example, 30', and a thing that carries out polarization 
processing of this sintering layered product for a ceramic green sheet through an electrode layer two sheets or 
after carrying out a three-sheet laminating, carrying out coincidence baking of this layered product and 
obtaining a sintering layered product, they may be replaced with this approach and may carry out laminating 
adhesion of two sheets or the three electrostrictive ceramics plates which calcinated beforehand and carried 
out polarization processing, however, since the thickness of a diaphragm is boiled markedly, and the 
manufacture approach of the former calcinated behind a laminating can make it thin compared with the 
approach of the latter which carries out the laminating of what was calcinated beforehand and can enlarge 
sound pressure, it can obtain the diaphragm the direction of the former manufacture approach excelled [ 
diaphragm ] in sound conversion efficiency The diaphragm of this invention may stick reinforcement sheets, 
such as a metal film and a resin sheet, on one side of what [ not only ] consisted of only electrostrictive 
ceramics layers but a layered product. However, this reinforcement sheet is for preventing the crack of a 
layered product etc. unlike the metal plate of a uni-morph mold diaphragm, and what does not check 
crookedness vibration of a layered product is desirable. 
[0043] 

[Effect of the Invention] By the above explanation, according to invention according to claim 1, a principal 
plane electrode is formed in the front rear face of a layered product which consists of two-layer or a 
three-layer electrostrictive ceramics layer so that clearly. Since the internal electrode was formed between 
each ceramic layer and all the ceramic layers were polarized in the same direction in the thickness direction 
The ceramic layer on a side front and a background will expand and contract to hard flow, and if an 
alternation signal is impressed between a principal plane electrode and an internal electrode, a layered product 
will produce crookedness vibration as a whole. Since this amount of displacement becomes large compared 
with a uni-morph mold diaphragm, sound pressure also increases. Moreover, since polarization of all the 
ceramic layers is carried out in the same direction in the thickness direction, the complicated interconnect 
between the principal plane electrodes and internal electrodes like before is unnecessary, structure is [ that 
what is necessary is just to impress an alternation signal between a principal plane electrode and an internal 
electrode ] easy, and a manufacturing cost can be reduced. 
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